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INTRODUCTION 



A water quality survey was conducted from September 
16 to 20, 1971 to determine the effects of the wastewater dis- 
charge from the Abitibi Paper Company Limited on the Abitibi 
River downstream from the Town of Iroquois Falls. 

The principal purposes of the study were: 

$) To collect water quality data for the preparation 
of a mathematical model to verify a previous model 
developed from a similar study in 1967. 

1$) To measure water quality conditions during periods 
of zero flow. 

iii) To update waste loading guidelines based upon the 
verified model and develop water quality standards 
for the river. 

The survey covered 64 miles commencing at the mill and 
continuing to a point about two miles downstream from the con- 
fluence of the Abitibi and Frederick House rivers. Seventeen 
Scunpling stations were established on the Abitibi River and one 
on the Frederick House River. These stations were sampled eight 
times during the assimilation study (September 16-18) and four 
times during the zero flow study {September 19-20) . 
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SUMMARY AND RECOMMENDATIONS 



1. SUMMARY AND RECOMMENDATIONS 



The water quality of the Abitibi River is seriously 
degraded by the oxygen-consuming and solid wastes from the 
Iroquois Falls mill. The water quality is further degraded 
by the practice of reducing the streamflow to zero during the 
periods that the mill is not in operation. 

The following steps are recommended to improve the 
quality of the water in the Abitibi River downstream from 
Iroquois Falls. 

1. The water quality standards proposed in this 
report should be adopted. 

2« An organic loading of about 15,000 pounds BOD 5 
per day from the Abitibi Paper Company Limited 
and the municipal sewage treatment facilities 
should not be exceeded. Compliance with this 
loading guideline would result in the maintenance 
of a satisfactory dissolved oxygen level (5 mg/1) 
during drought flow periods (3,000 cf s) . 

i* In order to reduce streamflow fluctuations which 
disrupt the aquatic community and degrade water 
quality, the flow in the Abitibi River downstream 
from Iroquois Falls should be maintained at or 
above 3,000 cfs at all times including those 
periods when the mill is not in operation. 

4« A program to treat domestic wastewater from the 
Town of Iroquois Falls and the communities of 
Ansonville and Montrock should proceed. The 
organic loading from the municipal treatment 
facilities should not exceed 200 pounds BOD 5 
per day. Seasonal effluent chlorination should 
be provided. 

i> In order to reduce bacterial pollution in the 

Abitibi River, all domestic wastes from the mill 
should be segregated from the process wastes and 
directed to the municipal sewage treatment plant 
when this facility goes into operation. 
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WATER QUALITY EVALUATION UNDER NORMAL FLOW CONDITIONS 



WATER QUALITY EVALUATION UNDER NORMAL FLOW CONDITIONS 



This section reviews the findings of a 7 2-hour water 
quality study conducted from September 16 to 18, 1971 when the 
mill was operating at normal capacity and river flow was fairly 
constant at about 5,300 cfs. The predictions of a mathematical 
model relating DO to BOD 5 are presented and assimilative capa- 
cities for similar conditions are compared to those derived 
from the study conducted in 1967.* 

Use of the Abitibi River Basin has not altered signifi- 
cantly since 1967. A complete description of these uses is con- 
tained in the previous Abitibi River Water Quality Report 
published in 1968. 

A map of the study area is presented in Figure 2.1. 



2.1 CHEMICAL AND PHYSICAL WATER QUALITY 

BOD and DO 

The Industrial Wastes Branch of the Ontario Ministry 
of the Environment (MOE) conducted a mill survey to coincide 
with the river study. The results of that sampling program 
indicated that an average waste load of 105,000 pounds BOD 5 
per day was being discharged from the mill between September 16 
and 18. This loading combined with 19,000 pounds BOD 5 per day 
(0.7 mg/1) from upstream sources, produced a total average load 
in the Abitibi River of 124,000 pounds BOD5 per day. The organic 
level showed a consistent decrease to 4 0,000 pounds BOD 5 per day 
(1.4 mg/1) 58 miles downstream from the mill and was further 
diluted (to 1.1 mg/1) after the confluence of the Abitibi and 
Frederick House rivers. 



"The Abitibi River below Iroquois Falls - A Water Use 
Study", Ontario Water Resources Commission^ 1968. 
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Fig. 2.1 Iroquois Falls to the Frederick House River 
- Abitibi River 
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The mean dissolved oxygen levels in the river varied 
from 6.9 mg/1 upstream from the mill to a low of 5.0 mg/1 29 
miles downstream with the highest level, 7.4 5 mg/1, found just 
downstream from the Long Sault Rapids 46 miles downstream from 
the mill (Figure 2.2) . 



Solids 

The suspended solids level upstream from the mill 
averaged 27-5 mg/1 and downstream from the outfall 4 2.5 mg/1, 
an increase of 15 mg/1. The concentration of suspended solids 
in the river decreased until, at a point 58 miles downstream 
from the mill, it reached 31.5 mg/1. After the Abitibi-Frederick 
House confluence, it was further reduced to 23.5 mg/1. The 
decrease in concentration is largely accounted for by sedimentation 
and formation of sludge deposits. During the period of zero flow 
when the river was quiescent, gas bubbling from actively decaying 
deposits covered 4 5 percent of the river bottom from Mile to 
Mile 8 and 57 percent from Mile 14 to 29. These deposits place 
an oxygen demand on the river and smother the bottom fauna com- 
munities^ The measured oxygen uptake rate of the deposits was 
8.1 X 10 "* pounds per square foot per day at 25*'C. 



Coliform Bacteria 

Coliform bacteria levels in the river from the mill 
outfall to a point 4 3 miles downstream were well above the 
criterion for body contact recreation of 1,000 organisms per 100 
ml (OWRC, 1970). Geometric mean total coliform levels reached a 
high of 23,600 per 100 ml six miles downstream from the mill. 
Upstream from the dam, the mean total coliform count was 98 
organisms per 100 ml. The increase in levels is attributed to 
the untreated discharge from the mill and raw domestic wastes 
from the municipalities of Ansonville, Montrock and Iroquois 
Falls that enter the river in the first two miles downstream 
from the dam. The combined sewer, which passes through the mill, 
carries Ansonville 's sewage, part of the mill effluent and storm 
water. Samples from this line exhibited the highest total 
coliform level, 15,000,000 organisms per 100 ml. 



Phenolic Substances 

Phenolic substances were found throughout the study 
area with the highest levels, averaging 11 to 25 yg/1 , measured 
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Fig. 2.2 Dissolved oxygen profile - Abitibi River 



in the first ten miles downstream from the mill. Phenolic 
substances are believed to partly contribute to the tainting 
of fish flesh and may impart a medicinal taste to a chlorinated 
water supply. No fish tainting studies were conducted in the 
Abitibi River. 



Nutrient Materials 

The levels of organic nitrogen and total phosphorus 
were moderately low throughout the survey reach. No appreciable 
increases were noted in the river downstream from the industrial 
and municipal waste sources. No accelerated aquatic plant growth 
was noted in the surveyed reaches of the Abitibi River. 



2.2 A COMPARISON OF 1967 AND 1971 SURVEY RESULTS 

Conditions differed significantly during the two survey 
periods. During the three day study in 1967, the average stream- 
flow was 8,100 cubic feet per second, water temperature averaged 
12.5°C and the mill loading was found to be 83,000 pounds BODs per 
day. Average flows during the 1971 survey were 5,300 cfs, the 
average water temperature was 16 °C and the mill loading was 
10 5,000 pounds BOD 5 per day. The configurations of the dissolved 
oxygen profiles (Figure 2.3) were very similar. The 1967 concen- 
trations were generally higher as could be expected with the higher 
streamflow, lower water temperature and lower mill loading. In 
both surveys the average dissolved oxygen in the river upstream 
from the mill was about 70 percent saturation. The deoxygenation 
rate coefficient, k, (see Appendix B for a definition of terms) 
was significantly lower in 1971 (0.56 per day at 25°C) than in 
1967 (1.63 per day at 25°C) . This difference was most probably 
due to the presence of a BOD removal rate coefficient, k , of 2.3 
per day at 25*'C in 1971. Such a removal rate indicates that a 
substantial portion of the BOD loading was settling to the strean- 
bed and its demand on the dissolved oxygen would not be measured 
in the deoxygenation rate. Stabilization of the settled materials 
would be incorporated in the oxygen demand of the sludge deposits. 
In 1967, there was no measurable settling of BOD5 probably due to 
the higher streamflows (8,100 cfs) which result in a higher stream 
velocity impeding settling. With the organic materials remaining 
in suspension, the higher deoxygenation rate coefficient, k , , of 
1,63 per day at 25''C found in 1967, could be expected. 

In 1971, the oxygen demand of the sludge deposits was 
measured at 8.1 x 10 '* pounds of oxygen per square foot_per day. 
This rate is slightly higher than the value of 7.6 x 10 pounds 
per square foot per day used in the 1967 calculations. 
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A comparison of the total river BODs capacities 
calculated in 1967 and 1971 indicates that reasonably close 
agreement was achieved (Figure 2.4). At 3,000 cfs, the 1971 
total loading was about 4,000 pounds per day higher than the 
1967 calculations and at 5,000 cfs the loadings are about the 
same. It is felt that through application of the experience 
gained in 1967 to the 1971 survey, the results in the later 
study are more refined. Consequently, the municipal and 
industrial waste loading guidelines presented in the 1968 
report have been revised to agree with the 1971 findings. 
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Fig. 2.4 A comparison of total BOD5 loading capacities, 
1967 and 1971 - Abitibi River 
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WATER QUALITY EVALUATION UNDER ZERO FLOW CONDITIONS 



WATER QUALITY EVALUATION UNDER ZERO FLOW CONDITIONS 



3 . 1 STREAMFLOW REGULATION 

It is the practice of the Abitibi Paper Company 
Limited to conserve water in the headpond behind the Iroquois 
Falls dam by periodically reducing streamflow to zero, during 
times when the mill is not operating. An examination of 
historical streamflow data indicates that during most years 
flow restriction occurs each Sunday between May and October. 
On occasion, zero flows have been noted on two consecutive 
days, usually a Sunday followed by a statutory holiday. To 
determine the effects of such flow regulation on the downstream 
reaches of the Abitibi River, a water quality study at zero 
streamflow was carried out on September 19 and 20, 1971. 



3.2 PHYSICAL CHANGES 

At 7:30 a.m. on September 19, flow through the dam 
at Iroquois Falls was reduced to zero cfs from 5,190 cfs. No 
flow passed the dam for a 21 1/2 hour period ending at about 
5:00 a.m. on September 20 (Figure 3.1). During this period, 
the river virtually stagnated and the water level downstream 
from the mill dropped six feet (Figure 3.2). At 5:00 a.m. on 
September 20, flow was restored. For the three hour period, 
5:00 a.m. to 8:00 a.m., the average flow in the river exceeded 
15,000 cfs and for a short period was as high as 21,960 cfs. 
Extensive scouring of the exposed sludge banks, likely the 
result of this rapid increase in flow, was noted. Flows gradually 
reduced throughout the morning of September 20 and by 2:00 p.m. 
a flow of about 5,000 cfs had been restored. 



3 . 3 CHEMICAL CHANGES 

The Abitibi River, under zero flow conditions, exhibited 
far greater water quality degradation than at any other time 
during the survey. Samples of river water collected in the reach 
extending 38 miles downstream from the mill exhibited higher aver- 
age concentrations of BOD 5 and suspended solids (25 and 34 percent 
higher, respectively) than were previously encountered (Figure 3.3) 
These elevated levels resulted from the resuspension of decaying 
materials from the bottom deposits. Resuspension was very active 
during the zero flow period. One explanation of the increased 
resuspension is that water pressure exerted on the bottom deposits 
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Fig. 3.1 Abitibi River hydrograph at Iroquois Falls, 
September 19 and 20, 1971 
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Fig. 3.2 Water level variation under changing streamflow 
conditions at Mile 2 - Abitibi River 
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Fig. 3-3 Suspended solid concentrations at normal 
and zero flow conditions - Abitibi River 
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caused by the drop in the river level allowed the gases pro- 
duced and trapped within the deposits to lift the sediments. 

During this period , recording dissolved oxygen meters 
placed in the stream at Mile 2 and Mile 24 recorded drops of 
3 and 2 mg/1 in dissolved oxygen levels, respectively (Figure 
3.4). These reductions can be attributed to the oxygen demand 
of the resuspended materials and a far lower reaeration rate 
attributable to stagnation. 



DISCUSSION 

The practice of reducing flow in the Abitibi River 
to zero during periods of mill shut-down severely degrades the 
quality of the river. During the September survey when the 
flow was stopped for 21 1/2 hours and the water temperature 
was 16 "C, dissolved oxygen levels as low as 4 mg/1 were 
measured. It is speculated that, during mid-summer when river 
temperatures could be as high as 25°C, with a two-day shut-down 
in effect, complete oxygen depletion may occur. 

Flow reduction also results in the exposure of stream- 
bed, jeopardizing the benthic communities found in these exposed 
areas. Certainly exposure for 24-48 hour periods would be enough 
to kill all invertebrates living in these areas. 

The practice of re-introducing streamflow at a very 
high rate following a period of zero flow may also cause impair- 
ment. Visual evidence of scouring of the exposed banks was noted 
on September 20. 
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WATER QUALITY CONTROL 



The 1968 OWRC report on the Abitibi River, "A Water 
Use Study" briefly described the Abitibi River Basin, its 
hydrology and its water uses. The principal uses of the river 
include water supply, hydro-electric power generation, waste- 
water disposal, the maintenance of wildlife, the support of 
recreation and the transport of logs by river drive. The 
Abitibi River, primarily due to its wilderness location and 
limited access to the river, has a limited recreational value. 
However, it is still important to maintain adequate water quality 
within the river to support a diverse mix of aquatic life, 
including a warm water fishery. This section describes the 
level of water quality required for the river and the quantity 
of organic wastes that may be discharged to the river. 



4.1 PROPOSED WATER QUALITY STANDARDS 

The water quality standards proposed in this report 
describe the level of water quality consistent with the maintenance 
of the desirable uses of the Abitibi River. 

it) General Standards 

i| Tainting substances - all materials that impart 
odour or taste to fish or edible invertebrates 
shall be excluded from the river at levels deter- 
mined to produce tainting. 

ii) Taste - all substances that will impart an 

objectionable taste to the river water shall be 
excluded from the river, 

iii) Odour-causing materials that are not readily 

removable by conventional water treatment shall 
not be discharged to the river. 

iv) Oil , petrochemicals or other immiscible sub- 
stances that will cause visible films or toxic, 
noxious, or nuisance conditions shall not be 
discharged to the river. 

jfj Nutrients from unnatural sources which will 

stimulate the over-production of algae, nuisance 
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vegetation, or offensive slime growths shall 
not be discharged to the river. 

vi) Temperature - the normal daily and seasonal 

temperature variations that were present before 
the addition of heat due to other than natural 
causes shall be maintained. 

Heated discharges to the river shall not be 
permitted unless it is clearly demonstrated that 
heated effluents will enhance the usefulness of 
the water resource without endangering the pro- 
duction and optimum maintenance of wildlife, fish 
and other aquatic species. It shall be the responsi- 
bility of the user to provide evidence to support the 
acceptability of the discharge under these terms. 

Heated discharges shall not be permitted in the 
vicinity of spawning areas or where increased 
temperature might interfere with recognized move- 
ments of spawning or migrating fish populations. 

vii) Settleable materials - substances shall not be 

added that will adversely affect the aquatic biota 
or will create objectionable deposits on the bottom 
or shore of the river. 



b) Specific Standards 

i) pH between 6.5 and 8.3. 

ii) Microbiology - water shall be free from pathogens 
including any bacteria, fungi or viruses that may 
produce enteric disorders or eye, ear, nose, throat 
or skin infections. The following geometric mean 
densities shall not be exceeded in a series of at 
least 10 samples per month, including weekend samples, 

total coliforms not to exceed 1,000/100 ml. 
fecal coliforms not to exceed 100/100 ml. 
enterococcus not to exceed 20/100 ml. 

iii) Toxic substances, including pesticides, shall not be 
added to water in concentrations and/or combinations 
that are toxic or harmful to human, animal, plant or 
aquatic life, except where application of approved 
substances for the control of nuisance organisms has 
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been authorized by the Ontario Ministry of the 
Environment. 

fy^. Dissolved oxygen concentration shall be above 
5.0 mg/1 at all places at all times. 



4 . 2 WASTE TREATMENT REQUIREMENTS 

Under the present industrial and municipal waste 
loading conditions, the use of the Abitibi River downstream 
from Iroquois Falls for most activities, including angling and 
recreation, is seriously limited. Reductions of the BOD and 
suspended solids loadings are required before these normal river 
uses can be properly re-established. 

A discussion of the waste loading reductions required 
to achieve an acceptable level of water quality follows. 

The mathematical model described in Appendix B relates 
the dissolved oxygen content of the stream to different discharge 
rates of oxygen-consuming wastes. With the following conditions: 
a minimum dissolved oxygen objective of 5.0 mg/1 (considered 
essential for the protection of warm water fish) , streamflow 
variations from 3,000 to 7,000 cf s , and a benthal oxygen consump- 
tion rate of 8.1 x 10 ~'* pounds of oxygen per square foot per day, 
total organic waste loadings were calculated and are shown in 
Figure 4.1. At a flow of 3,000 cfs (7-day mean flow with a 5 
percent chance of occurrence) , the river can assimilate a waste 
load of about 22,500 pounds BOD5 per day and maintain dissolved 
oxygen at or above 5 . mg/1 . 

With present streamflow regulation, this flow (3,000 
cfs) must be considered as the basis for allocating use of the 
stream for assimilation of oxygen demanding wastes. If it were 
possible to increase the streamflow to a minimum rate of 5,0 00 
cfs, for example, the river could then assimilate a daily BOD 5 
loading of about 32,000 pounds. 

At streamflows lower than 3,000 cfs, the BOD5 loading 
from the mill would have to be reduced to negligible quantities 
to maintain the 5 mg/1 dissolved oxygen objective. The reason 
for this is that below 3,000 cfs, the deoxygenating effects of 
the sludge deposits of the river become of increasing significance 
in the oxygen balance. 
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1971 SURVEY- TOTAL RIVER CAPACITY 
(WITH A SLUDGE OXYGEN DEMAND) 

1971 SURVEY - TOTAL RIVER CAPACITY 
(WITH NO SLUDGE OXYGEN DEMAND) 
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Fig. 4.1 
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It is expected tliat when the current program designed 
to remove the bulk of suspended solids from the mill ' s waste 
discharge is implemented, some reduction in the BOD 5 loading will 
be achieved. The amount, however, is considered relatively in- 
significant since the biological breakdown of fibres and bark is 
slow, and therefore, contributes only a minor portion of the total 
BODs load at the point of discharge. The BOD 5 of the effluent is 
produced primarily by the dissolved wastes originating in the mill 
process. With the passing of time, however, the settled solids 
begin to decompose and these slowly decomposing fibrous and bark 
deposits do exert a significant demand on the oxygen resources of 
the stream. Even with an immediate and substantial reduction in 
the suspended solids load from the mill the decrease in the benthic 
oxygen demand will be slow and extend over many years. 

Floating materials and sludge deposits seriously affect 
recreation and aesthetics as well as limiting the capacity of the 
river to support fish and other aquatic life. Compliance with 
the Ontario Ministry of the Environment objective of a maximum 
of 50 mg/1 of suspended solids in the mill effluent should reduce 
the occurrence of sludge deposits and associated dissolved oxygen 
depletion. Less interference with biological life will result and 
the water use potential of the river will significantly increase. 

To provide for variation in water treatment efficiency, 
contingencies such as hazardous material spills and for the possi- 
bility of increased future demand for wastewater disposal , 33 per- 
cent of the total organic loading capacity should be held in 
reserve. The remaining 67 percent (15,000 pounds BOD 5 per day) 
can be allocated to the present requirements of the industry and 
municipalities. The wastes from the combined communities of 
Iroquois Falls, Ansonville and Montrock will, after secondary 
treatment in a proposed 0.9 MIGD plant, contain approximately 
200 pounds of BOD 5 per day which may be discharged to the river. 
The remaining capacity could be allocated to the Abitibi Paper 
Company Limited. 



m 



APPENDIX B 



MODELLING THE BOD/DO RELATIONSHIP 
IN THE ABITIBI RIVER 



APPENDIX A 
SU»f«I<» OF WATER OUALtTY DATA - ABITIBI RIVER STUDY, SEPTEMBER l6-lfl, 1971 



St«Clon 
Location 



Diaaolved Oxygan 



Avg. Range 
mg/l 



No. 
Sanp. 



BOD< 



AvR. RanK« 

mg/l 



No, 
STnp , 



Sot Ida 



Total Sutp, 



Vol. 
Suap. 



No. 
Samp. 



Turbidity 
(Jackaon Unlta) 



Avu. 



No. 
Sam. 



(file 

(control) 
Mlla 2 



Mile 
Hll< 
Mile lA 
Mil* 18 
Mll« 
Mill 
Mlla 
Mile 34 
Mile 38 
Mlla 43 
Mile 
Mill 
Mlla 54 
Mile 58 
Frederick 
House R. 
Mil« fA 



6 
10 



22 
26 
29 



46 
50 



6.9 

6.8 
6.6 
6.4 
6.0 
5.7 
5.6 
5.4 
5.0 
5.3 
5.1 
7.4 
7.5 
7.5 
7.2 
7.2 

7.8 
6.8 



6.3-7,2 

6.7-7.2 
6.4-7.5 
6.0-7.0 
5.2-6.7 
5.2-6,4 
5.0-6.1 
4.7-6.8 
4.7-5.5 
5.0-5.9 
4.5-5.8 
7.0-8.2 
6.8-e.l 
6.9-9,1 
6.2-8.4 
6.3-8.2 

7.3-8.9 
5.9-8.2 



0.70 

2.30 
2.35 
2.20 
2.10 
2.08 
1.77 
1.70 
1.67 
1.70 
1.73 
1.74 
1.64 
1.56 
1.76 
1.40 

0.95 
1.08 



0.6-0.8 

1.8-2.5 
1.6-2,5 
1.4-2.5 
1.6-2.5 
1.6-3.5 
1.2-2.0 
1.0-2.0 
1.2-2.0 
1.6-2.0 
1.2-2.0 
1.4-2.5 
1.4-2.0 
1.4-1.8 
1.6-2.0 
1.0-1.6 

0.8-1.0 
0.8-1.4 



6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
5 
5 
5 
5 

4 
5 



220 

220 
230 
210 
260 
225 
230 
215 
225 
230 
220 
230 
230 
315 
225 
210 

190 
191 



27 

42 
40 
42 
40 
39 
36 
40 
36 
35 
35 
36 
36 
33 
32 
23 

7 
14 



6 

5 

5 

6 

5 

5 

7,5 

5 

5 

9 

5 

5 

3 

3 

5 

3 




4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 

3 

2 



30 

76 
78 
74 
74 
74 
70 
68 
70 
70 
72 
80 
70 
75 
68 
65 

17 
32 



5 
5 
5 
5 

5 
5 
5 

5 
5 

4 
4 
4 
4 
4 
4 

3 

4 



Av«caK« WACac Taoperatura 



16.2" C 



(Range 15.5 - 16.8" C) 



Station 
Location 



Bacteriological enumeration * 



Total Fecal Fecal 

Col ifoms Co1 Iformi Strep, 

per 100 ml 



No. 
Sanolea 



Total 

Phosph 
as P 

mg/l 



Orjsenlc 
Nltroqen 
AS N 
mg/l 



rtienolic 

ub/1 



COD 
mg/l 



Time of 
Travel (daya) 
•t 5100 
cfa 



Mlla 
(control) 
Mlla 2 
Mile 6 
Mile 10 
Mile 14 
Mlla 18 
Mile 22 
Mile 26 
Kile 29 
Mile 34 
Mlla 38 
Mlla 43 
Mile 46 
Mile 50 
Mtl< 
Mile 



54 
58 



Frederick 
Houae R. 
Mile 64 



SO 

54.000 

17,000 

26,000 

12,700 

9,500 

12,000 

2.900 

3.450 

3,500 

3,900 

1,650 

950 

670 

710 

550 

65 
90 



1,800 

700 

880 

800 

810 

880 

300 

235 

350 

310 

122 

110 

70 

90 

70 

I 
I 



< 100 

< 100 
100 

< 100 

< 100 

60 

< 100 

< 80 

< 55 

< 100 

80 

< 55 

< 60 

< 10 
10 

< 10 

< 55 

< 10 



0.12 



0.50 





0.10 


0.42 


11 




0.12 


0.62 


11 




0.13 


0.65 


25 




0.16 


0.70 






0.12 


0.72 






0.12 


0.65 






0.12 


0.61 






0.13 


0.65 






0.12 


0.62 






0.12 


0.67 






0.17 


0.42 






0.16 


0.40 






0.16 


0.50 






0.04 


0.46 






0.10 


0.70 






0.06 


0.65 






0.09 


0.53 





30 

37 
37 
35 
35 
35 
33 
35 
33 
30 
35 
33 
35 
35 
38 
38 

45 
43 



0.0 

0,1 

0,33 

0.63 

0,74 

1.00 

1.21 

1.39 

1.50 

1.65 

1.88 

2.03 

2.25 

2.55 

2.88 

3.36 



Geometric Mcana 
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APPENDIX A 



SUMMARY OF WATER QUALITY DATA 



September 16-18, 1971 



MODELLING THE BOD/DO RELATIONSHIP IN THE 
ABITIBI RIVER 



B-1 MODELLING CONSIDERATION 

A river is a complex system composed of interacting 
physical, chemical and biological forces. The overall system 
or any of the sub-systems making up the whole, respond to changes 
in waste input, hydrodynamic and physical conditions. Some of 
these changes, such as streamflow, are readily observable and are 
comparatively easy to predict. Other factors such as the oxygen 
demand of bottom deposits, are just as significant but are much 
more difficult to measure. 

The purpose of a model, either physical or mathe- 
matical, is to reproduce forces within the system, and, once 
verified, to predict changes in water quality conditions for 
any combination of alterations to the various forcing functions 
mentioned above. 

A model of the several forces occurring in a water- 
course provides an extremely useful tool for solving immediate 
pollution problems and for assisting in long-term planning of 
water use and development within a river basin. 

The Abitibi Paper Company Limited mill at Iroquois 
Falls and the municipalities of Ansonville, Montrock and Iroquois 
Falls all discharge oxygen-consuming wastes to the river. These 
materials significantly deplete the dissolved oxygen resources 
of the river for a distance of about 40 miles. 

In an effort to determine the organic loading limits 
that should be placed on each pollution source to maintain the 
water quality standards for the river , a mathematical model of 
the dissolved oxygen - biochemical oxygen demand relationship 
was developed . 

In this appendix, the modelling techniques, the evalu- 
ation of model parameters and the calculation of the total river 
BOD 5 loading are presented. 



B-2 DO-BOD MODELLING 

A flowing, unpolluted stream has an abundance of 
dissolved oxygen available for the use of the aquatic community. 
When unstable organic material from man-made or natural sources is 
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introduced, biochemical oxidation utilizing the oxygen resources 
of the watercourse proceeds. As the organic loading is increased, 
greater demands are placed on the stream's oxygen supply, and a 
point is reached where the rate of removal of dissolved oxygen 
(deoxygenation) is greater than the rate of atmospheric re- 
oxygenation. When this occurs, the oxygen level in the stream 
begins to decrease and, in the extreme condition, can be 
completely depleted. 

The purpose of DO/BOD modelling is to determine the 
level of organic loading that can be discharged to a watercourse 
and yet maintain a pre-determined level of dissolved oxygen. 

A modified version of the Streeter-Phelps equation 
(Manhattan 1968) relating oxygen utilization to reaeration was 
employed. This equation is written as follows: 



D = 



k, L 

d ■ o 

kz-k 



, -k t -kat. ^ _, „-k2t ^ S ,, „-k t. 
(e r - e ) + D^e + t- — (1-e 2 ) 

o X 2 



where : 



D 



dissolved oxygen deficit (pounds 
per day) at the point of reference 

[usually the point of waste discharge 

(t = 0) ] . 



D 



dissolved oxygen deficit (pounds per 
day) at any point, time t, from the 
point of reference. 



ultimate biochemical oxygen demand 
loading (pounds per day) at the point 
of reference 



t 
k 



time of travel (days) 

the coefficient of BOD removal in the 
watercourse by physical removal (sedi- 
mentation) and deoxygenation (per day, 
base e) 



d 
k2 



the coefficient of deoxygenation (per 
day, base e) 

the coefficient of reoxygenation in the 
watercourse (per day, base e) 
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S = the rate of oxygen utilization by 
benthic deposits (S = swv) 

where : s = oxygen uptake rate in 
Ibs/sq ft day 

w = average width of deposit 
ft 

V = average velocity over 
deposit (ft/day) . 

Summaries of the data collected for modelling purposes 
are included below with a description of the parameter calcu- 
lation used in applying the above equation to the Abitibi River. 



B-3 FIELD INVESTIGATIONS 

A survey designed to provide water quality and physical 
information necessary for mathematical modelling was conducted 
during September 1971. Activities included dye and drogue studies 
for time of travel and velocity, benthic respirometer studies to 
measure the oxygen demand of the bottom deposits and intensive 
water quality studies. The intensive studies were conducted over 
a 72-hour period under relatively low flow conditions during 
September 1971. All major sources of pollution were discharging 
at the time of this survey. 

A summary of the water quality data collected during 
the intensive study is tabulated in Appendix A. 

Calculation of Model Parameters 

a) BOD Removal and Deoxygenation 

The coefficients of BOD removal (k ) and deoxygenation 
{k, ) are approximated directly from a plot of the BOD 5 data 
collected during the intensive studies. The reaction rate is the 
slope of the line resulting from the plotting of the log of the 
BOD value versus time of travel. 

The BOD s data collected during the survey indicates 
that a large portion of the organic loading from the mill is 
lost in the first 0.2 days time of travel. This loss of BOD is 
not accompanied by a significant loss of dissolved oxygen and 
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large deposits of decaying organic materials were found in 
this area. It was concluded, therefore, that suspended 
organic (BOD) materials were settling to the streambed. Based 
on the slope of the graphical plot of BODs measured in this 
area and the aforementioned observations, a BOD removal rate 
coefficient (k ) of 2.3/day was calculated. 

Throughout the rest of the survey area, the satis- 
faction of BOD was attributed primarily to oxidation, and de- 
oxygenation rate coefficients (k,) were calculated from the 
BOD 5 data. Table 1 presents a summary of the BOD removal and 
deoxygenation rate coefficients. 



TABLE 1 

Time of Travel Mileage k^ k^ 

- .5 0^4 2.3/day @ 16 °C 0.39/day @ 16 °C 

.2 - 1.5 4 - 29 0.39 0.39 

1.5 - 3.4 29 - 58 0.11 0.11 



The k and k, rates thus established were employed 
in the modif ied^Streeter-Phelps equation and, where necessary, 
were altered to more closely approximate the measured DO profiles, 



b) Reoxygenation 

Reoxygenation of a body of water occurs principally 
as a result of contact between the air-water interface. Oxygen 
diffuses from the atmosphere to the water at a rate determined 
by the amount of water coming in direct contact with the air. 
A turbulent stream obviously has a much greater ability for re- 
aeration than does a slow or stagnant stream. The coefficient 
k2 is determined using a constant dif fusitivity coefficient, Di, 
(ft^/hr @ 20'»C} , average stream depth, H, (feet) and average 
velocity, u, (ft/hour) in the equation: 

(Di-U) -*-^^ X 24 = k /day @ 20«C (Manhattan 1968)* 



"Stream and Estuarine Analysis" Summer Institute 
in Water Pollution Control^ Manhattan College^ 
New York^ 1968. 
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In the Abitibi River, Stream depths averaged about 
16 feet and velocities ranged from 0.2 to 2.0 feet per second. 
Although the average depth is generally considered above the 
upper limit of 10-12 feet for the aforementioned equation, 
the high velocities measured throughout most of the survey 
area gave a ratio of depth to velocity that allowed the 
calculation of reasonably reliable reaeration rates. However, 
in some sections with low velocities and in the areas of rapids 
where no depth information was available, this formula could 
not be used and k rates had to be estimated and then fitted 
to the observed dissolved oxygen profile. The reaeration rate 
coefficients (kj) are tabulated below: 













TABLE 


2 




Time 


o: 


E Travel 


Mil 


eage 


k2 


Streamflo 





- 


0.2 





- 


4 


0.35 


5,300 


0.2 


- 


0.5 


4 


- 


8 


0.2 


5,300 


0.5 


- 


0.74 


8 


- 


14 


0.35 


5,300 


0.74 


- 


1.5 


14 


- 


29 


0.19 


5,300 


1.5 


- 


1.65 


29 


- 


34 


0.4 


5,300 


1.65 


- 


1.9 


34 


- 


38 


0.1 


5,300 


1.9 


- 


2.0 


38 


- 


43 


4.0 


5,300 


2-0 


- 


3.4 


43 


- 


58 


0.1 


5,300 



Ml Initial BOD and DO Loadings 

Before a mathematical model can be produced, a set of 
initial conditions must be established. In the case of the 
DO-BOD model, an initial oxygen deficit (D ) and organic loading 
(L ) are required. 

In the Abitibi River, the initial deficit (D ) was 
calculated using the dissolved oxygen data measured at Station Q 
upstream from the mill outfall. The average dissolved oxygen 
concentration was subtracted from the 100 percent saturation 
value for the average water temperature (16**C) yielding the DO 
deficit (D ) . This value was converted to pounds per day. 
[D (mg/l)°x streamflow (cfs) x 5.4 = D (pounds per day)] and 
suDstituted in the equation. 
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The initial loading condition (L ) was calculated 
by adding the average upstream BOD 5 concentration {converted 
to pounds per day) to the BOD 5 loadings calculated for the pulp 
and paper mill and municipalities. BOD5 values were converted 
to ultimate BOD before being incorporated in the model (see 
B-3d) . 

In the downstream reaches , values of D and L were 
computed from the mathematical model. ° ° 



d) Ultimate Biochemical Oxygen Demand 

The measure of deoxygenating organic matter is the 
5-day biochemical oxygen demand value. This analysis measures 
the amount of oxygen consumed in an airtight bottle over a 5 -day 
period. It is not a measure of the entire organic loading but 
simply a convenient measure to be compared with other BOD 5 values, 

In the stream, the organic loading obviously does not 
end after 5 days, therefore, the ultimate BOD concentration is 
required. This value is determined using a constant "Ki", which 
is a laboratory measurement of the rate of BOD satisfaction over 
a long period of time, usually 20-25 days. With the Ki value 
known, all BOD 5 concentrations can be converted to ultimate BOD 
using the function (1-10-Kit)-' where t equals 5 days (EPA 1966). 

The Ki rate in the Abitibi River below Iroquois Falls 
was found to be 0.056 per day (base 10). 



e) Benthic Oxygen Demand 

Decaying sludge deposits can have a significant demand 
on the oxygen resources of a watercourse and this sink of oxygen 
is not measured in BOD samples. It, therefore, must be handled 
as a separate term in the equation. In some instances, the benthic 
oxygen demand can be measured directly by finding the dissolved 
oxygen drop in a known volume of water trapped directly over the 
deposit, computing the oxygen demand per unit araa per unit time 
and estimating the total area of the sludge deposit. 

In the Abitibi River oxygen uptake from sludge deposits 
was considered significant in the sections Mile 0-8 and Mile 14-29 
direct measurements of the uptake rates in each section revealed 
identical rates of 8.1 x 10"^ pounds of O2 per square foot day 
@ 25°C. 
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The value "S" employed in the modified Streeter-Phelps 
equation represents the oxygen uptake rate (pounds per square 
foot - day) multiplied by the average width of the deposit (feet) , 
the average velocity of the water over the deposit (feet/day) . 



B-4 FITTING THE MODEL TO THE OBSERVED CURVE 

Using the aforementioned rates (k , k , , k2 and S) 
and the initial organic loading and dissolved oxygen levels, 
the oxygen deficit (D) is computed for selected time intervals 
along the reach under consideration. From these results an 
oxygen profile is plotted. This curve is then compared to the 
oxygen profile measured during the field investigation. The 
closeness of the fit indicates the accuracy of the model. 

In the Abitibi River, the calculated and observed 
dissolved oxygen profiles agreed reasonably well indicating 
that the reaction rates calculated from the river data were 
accurate. 



B-5 ALLOWABLE LOADING COMPUTATION 

Employing the model, maximum expected water tempera- 
tures and design low streamflows, organic waste loadings that 
would result in a minimum dissolved oxygen level of 5 mg/1 were 
estimated . 

Streamflow data were obtained from records kept for 
the federal gauge (4 MC-1) located at The Abitibi Paper Company 
Limited dam at Iroquois Falls. The period of record for the 
gauge was 1920-1970. 

Low streamflows were calculated using the method of 
ranking 7 -day average low data and assigning a recording interval 
to each of the low flow events to determine design flow (7-day 
low flow with a 5 percent chance of occurrence) . 

The flow thus obtained (3,000 cfs) was applied to the 
mathematical model. 

Deoxygenation, reaeration and sludge demand rate 
coefficients calculated from the survey data were converted to 
the design water temperature of 25°C. It was assumed that, with 
the treatment works required to obtain the organic loading limits 
presented in the report, suspended organic materials would be 
removed prior to discharge to the river and, therefore, the BOD 
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removal rate k was eliminated. These rate coefficients, 
and streamflow, were substituted in the mathematical model. 

The organic loading calculated from the model under 
design conditions (elevated water temperature and drought 
streamflow) represents the maximum biochemical oxygen demand 
loading that the stream could accept and yet maintain a satis- 
factory dissolved oxygen level of 5 mg/1 . One-third of this 
total river BOD 5 loading was reserved for future development. 
The remainder was allotted to industries and municipalities 
discharging to the watercourse. 

The deoxygenation rate employed is based on a reaction 
of the river to extremely high organic loadings. With treatment 
of the industrial and municipal discharges the nature of the 
treated waste inputs may be somewhat altered and once in the 
river, organic stabilization may proceed at a rate that differs 
slightly from the calculated k, rate employed in the model. 
Once the initial stages of industrial and municipal waste treat- 
ment are completed and the organic loading to the river has been 
substantially reduced, further surveys to 'fine tune' the model 
will be required. 
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